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Rgure 1 Annual release estunates for berylhum as estmated by ChemRisk (1994a) 3 
Rgure 2 Observed arc mtegrated concentrahon as a funchon o f  predxted values for the five 

models compared usmg the Wrnter Vahdahon Data Set Correlabon coefficlents were for 
the log transformed data The sohd h e  represents perfect correlatzon between prehcted 
and observed values The dashed h e  represents the log transformed regression fit 17 
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INTRODUCTION 

Thls report documents nsk calculabons for mhalabon of  berylhum m iilr resultmg from 
normal operatzonal releases at the Rocky Flats Plant (RF") A bnef renew of the Phase I 
work and berylhum source terms 1s provlded It evaluates sod and s e h e n t  monitonng data 
for berylhum and hscusses regulatory gudehes ,  endence o f  carcmogemtxty and chromc 
berylhum &ease The report also descnbes enwonmental transport modelmg, estunates o f  
uncertamty m the model prehctaons and presents htnbutxons of  carmogemc nsk resultmg 
from mhalatzon o f  berylhum for several genenc receptor scenanos 

BERYLLIUM SOURCE TERM ESTIMATES 

Beryhum Use at the Rocky Flats Plant 

Although, mtzal research and developmental work mth berylhum began m 1953 at the 
Rocky Flats Plant, foundry operat~ons mth berylhum became sigdicant from 1958 to 1975 
De& of berylhum component manufacturing, machuung, cuttmg, heat treatmg, r o l h g  and 
other operatzons and ventdataon systems used to control berylhum emissions over the years 
are descnbed m the Task 3 & 4 Report for Phase I o f  the Rocky Flats Dose Reconstructzon 
ROJeCt (Chem.€&sk 1992) and m a letter wntten by Campbell (1986) Most of the berylhum 
work was done m Bddmg 444 and Bulldmg 883 The amborne emlssion pomts for berylhum 
are W d  m Table 5-1, pages 169-176 of the Phase I Task 3&4 Report (ChemRsk 1992) 
With the posslble exceptzon of effluent from Bulldmg 441 m the early 1960s, all a n  exhaust 
hscharged from plant fachtxes that processed berylhum was subjected to  hgh-effitxencv 
parhedate au (HEPA) filtrataon designed for controlhng rahoactxve effluents (ChemRisk 
1994a) 

Bex-ylhm Releases Estimated from Effluent Monitoring Data 

Berylhum has been momtored m the plant am exhaust effluent smce at least 1963 
( C h e d k  1992, 1994a, Hammond 1963) The Phase I Task 5 Report descnbes the 
momtormg program and summarues the release data generated as a result of the momtonng 
program (Chemhsk 1994a) 

The momtormg program data for r o u h e  arborne emsions of berqllium served as the 
basis for the Phase I release estunates (Tables 1 and 2, and figure 1) ChemRisk complled a 
record of berylhum emissions usmg sample data logbooks for 1960 through 1970 and annual 
berylhum releases reported m the annual Enwonmental Momtormg Reports for 1971 
through 1989 The logbooks contam dally sample results for workroom an and bulldmg 
effluents The monthly and annual average berylhum concentrabons for each stack were 
calculated from the bddmg effluent data Data on exhaust flow rates and total exhaust 
volume were lackmg for some fachbes and had to be estmated usmg fatxhtxes o f  s d a r  
sue No samplmg data from before 1960 were located It was assumed that emissions m 1958 
and 1959 were the same as those reported 1 ~ .  1960 

Aur exhaust samples were taken from iilter plenum exhausts after the a n  passed through 
HEPA filters but before it exlted the stack The samphng pracbces, samphg system design 
sample lme losses calculatzons of flow rates and exhaust volume and uncertamtaes 
discussed prevlouslv for ra&oa&ve ra&oa&ve parhcles (ChemRisk 1994a) were apphed to 
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the berylhum samplmg data. The Taslt 5 Report for Phase I descn'bea the Werent e c a l  
techmques used over tame (ChemRLSk 1994a) 

The Phase I report (ChemRsk 1994a) also discuses berylhum reteased dunng three iires 
that occurred 111 Bruidtng 444 111 1962, 1964, and 1978 (West 1978, Werkema 19789) Any 
releases as a result of the fires would have been momtored by the etacL samplipg eq\upnsent 

so they were thought to be duded  m the Phase I release eatrmates (f3hdbk 19944 The 
most @cant fire oocurred on February 23,1978 A release estmate af 14 5 g fnrm the fire 
was mcorporated rnto the Phase I release &mate of 4 7  g total for l§T& Thrs estnnate was 
based on moIutormg results from the plenum sampk, ambsent a s  samphILQ d water 
samples from water used to fight the iire &at dramed lnto and was sampfed from ponds, 
cfitches and temporary mpoundments (Rockwell 1978, Chedbsk 1- Haw= 1978, 
Werkema 1978b) Other estxmatas of a maruntun berybuu sotma tenn &ozrk&e fire were 10 
kg (Rockopell1978), and 8-10 kg (West 1978, W- 1W8al The dease estuaateS were 
used to calculate a maximum au conce!ntratxm of 8 to 10 pg ma a€Iffshwap 93, rurmg 
Gaussmn plume caldataons One caldat~m led to am est&mte of 9L7 kg of€u&hurn 
(West 19781, wh& was later as %a gross an o v m  a8 &be rhscMIElted 
(Werkema 1978a) 

Berylhum release summanea ~tl theTaalr 6  port^^ l S B 4 a ) ~ l O w  releam 
values that average tens of grams or less annually Dtwummtatxm that bery- 
measurement data handhng practtces may htre led to mpcsbng aninmi aanuwloae-that flr%re 
greaterthanactualreleases(ChemRtekl994a) 

e m a t e  Q'gl estsmate id 
1958 13 a 1965 31 
1959 13 a 1966 33 
1960 13 1967 33 

1962 6 7  1969 24 

1964 12 Total fI959-19KO 353 7 

1961 11 1968 38 

1963 12 €970 14 

a No mopltoMg data were &mid fm 1958 and 1959 and destses M those years were 
assumed to be the same as 1960 

Beryll~m releases from 1971 to 1989 were obtain& h n  the AniMEaf &mnmentaI 
Mo&ormg Reports rsaued by the RFP These reports offen reparteBberyItum release totals 
for the year as less-than values The 1975 repott expiamed that samples mth wncentrabons 
less than the mlnrmurn detedabk concentration were CoPBsdered to be at the mlnnnum 

detectable comcentrataon for averqpng ~nrposes A v W  cakubtd u8p1~; results below the 
mmlmllm detectable mnantratzon b e l  were identaiied with a leas tbu (0 sign C h e m  
lncluded the < slgn m reportang thew comp&tmn of annual average results from the 
Envvonmental Molutonng Reports 
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Table 2 Reported Annual Berylhum Releases from the Rocky Flats Annual 
Enwonmental Reports Complled m Table 3-3 of the Phase I Task 5 Report 

(ChemRisk 1994a) 

Year Reported Release (g) Year Reported Release (g) 
1971 16 1981 02 
1972 <2 0 1982 01 
1973 <7 1 1983 0 18 
1974 <lo 1984 03 
1975 e5 2 1985 05 
1976 <3 7 1986 01 
1977 <4 9 1987 02 
1978 <17 1988 01 
1979 <15 1989 06 
1980 <11 Total 1971-1989 70 5 
a The Annual Enwonmental Momtonng Report estmated an annual emBsion total for 
1983 as a negabve number 

--I I 

Figure 1 Annual release estmates for berylhum as estmated by ChemBsk (1994a) 

The annual emxmon total for 1983 is a negahve value of - 0 1 grams The explanahon 111 

the annual report suggested that the level 111 an sampled h s  year could not be &stmgrushed 
from background levels (ChemREk 1994a) Explanahon for Merences from vear to year are 
not offered m the Phase I Task 5 report Documented changes ID productxon and upgrades rn 
cyclone separators and exhaust filtrabon are descnbed but do not appear to correspond to the 
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release estamates (ChemRuk 1- Bdeasesrn ttae 196Qe am pmhebly dated to peak 
produclzon of berylhum prta changes m srhanst ventdath mer& made in 3.964, B?4, and 
several tunes m the 1980s (Holwager 1996) The vanab&y m sample measurements was 
lygh largely because of aver- measuremd of rehtavely low concdrataons ui large 
volumes of exhaust au Changes m adyhcal methods, ways of mmrapg efaaant 

thetrrtteredthe 
degree to wbich bergllnun sohblmd m tfae samples are examplea of reasons for the 
vamabihty of the release e d a t e s  (Barn& 1997, Dau$herty 1997) QmhQ asmrance for 
eitluent measurements ate furtherdmxssed lathe Phase II Task 4 Repor&- et d X997) 

measurements, aclpstments for backgmund Eevels, and changes zn 

Uncertiua t y m  the SoureeTew E- 

Berylhum had the potentuil to be transferred offslte m s d a a  water, and ttuS pathway 
was mvestqated m Phase f Berylhum has been momtumd ra water e-ent smce 1980 
(Chemhsk 1994a) Ruutme surfhe water momtonng for berylbum has dways shown less 
than 0 05 mg per hter of water, whrch rn the analyhcd detectam M 

Che- reported that avAI1Able data on surfem waterborne red- from the Rocky 
Flats Plant were not sdBuent to develop dxrect estnaates e€ r%fsaae for berylhum They 
concluded that, "the only mformahon available for s&dresamg past m b m s  from the plant 
would be measurements of berylhum m reservoir d h e n W  K%edbk 19944 The 
berylhum compounds of concern are not very water mhdSe and wouId be expected to bmd to 
sedments and sods Berylhum concentrations m the sediments of k t  Western Reservou 
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and Standley Lake are sundar to background levels and concentrataons found ln soll and 
sedment samples from other Rocky Mountain resons (Chemzclsk 1994a, EPA 1975, DOE 
1995a) 

b t o n c a l l y  mhalahon of  berylhum has been a much greater human health concern than 
mgeshon, m part because less than 1% of rngested berylhum 1s absorbed through the 
gastzorntestmal tract (EPA 1991) Berylhum does not hoaccumulate m iish Releases of 
berylhum to surface water were not evaluated further because of a lack of SoUTce term and 
effluent and enwonmental momtonng data insufficient evldence of accumulahon 111 sods 
and sedunents, and the low solubhty and gastromtestmal absorptaon of berylhum 

Berylhum m Sod 

Berylhum concentratzons rn sod are of  lnterest because resuspension of berylhum m soll 
1s of potentzal concern and a pattern of berylhum contarmnabon m sod could reveal 
mformatzon about clscharge from the plant Berylhum sources that rmght affect 
concentratzons m sods at the Rocky Flats Plant mclude 

0 Operations at the plant 
A berylhum ore mdustry located 2 km east of the plant 
A berylhum cerarmcs lndustry 15 km south of the plant 

0 Coal burnrng and other combustzon sources near the plant 
0 Berylhum m gravels brought mto the site 

Naturally o c m g  berylhum (Barnck 1982, Kray 1992) 

A study to charactenze sources o f  berylhum and to quanhfy enwonmental beryllium 
contarmnatzon 111 sod near the RFT was conducted ln 1981 (Barnck 1983) l b s  study 
reported an estmate o f  196 g for the total amount of berylhum exhausted from all bddmgs 
that processed berylhum d m g  the 24year period 1958 to 1982 "ius estmate mcluded 
releases from two reported filter-fire accldents m February 1978, whch released 14 5 g of 
berylhum from the mam berylhum produhon bddmg, B d d m g  444 In thus study 241 sod 
and rock samples from the site and from nearby areas were obtamed Deeper samples were 
taken at 5 to 10 cm to estabhsh geologml background levels of berylhum The study 
concluded that RFP-ongmated berylhum could not be &shgtushed from geologcal, 
naturally occurring berylhum taken on lands outslde plant property The survey found that 
natural gravels and an e s h a t e d  36 mdhon kg of gravels brought rn and added to Rocky 
Flats Plant surfaces have the lughest and most vanable berylllum concentrahons The mean 
concentratzon m these gravels is 1 1 14 pg g-1 o f  sod (parts per mdhon or mdhgrams per 
kdogram of sod) The background berylhum concentrahons ID soll (Rocky Flats alluvium) 

averaged 0 64 & 0 07 pg g-1 
In what appears to be an earher draft o f  these results Barnck (1982) suggested that 

atmosphenc transport o f  berylhum to sods surroundmg the plant had not occurred because 
no surfiaal sods near the plant were found to have elevated berylhum concentrahons The 
mean level m sods m the plant area was reported to be 0 6 ~ 1 8  g-1 and ranged from 0 2 to 1 1 
pg g-1 Higher levels found near roads and bruldmgs were attnbuted to surfiaal gravel 
aggregates wluch had the hghest background or natural berylhum levels 

One accumulakon o f  berylhum m sod that hkely ongmated from Rocky Flats Plant 
operakons was found 30 m from the stack of a plant that processed berylhum The samples 
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s d a r  mean of 066 p g g l  The U S  Geo logd  Survey (USGS) geometnc mean for 
berylhum concentratxons m the Front Range sod was 1 20 pg g-1 Berylhum concentratxons 
m the OU2 sod &d not appear to be above background No spahal trends m the data, or 
recognuable plume were apparent and no preferred &rechon of berylhum m sods was 
observed "Ius study &d not provlde evldence of rurborne contammataon (DOE 1995a, Allen 
and Ltaor 1995) 

The results of sod momtonng conducted as a part of mvestxgahons of CERCLA OU 5 
(Woman Creek Dramage) and OU 6 (Walnut Creek Dramage) do not suggest a wmdborne 
depositaon pattern (DOE 1995b,1996) 

Samples of cottonwood leaves, collected fiom trees growmg on sods wth 0 1 - 1 0 pg g-1 
berylhum contamed berylhum concentrataons that were only shghtly correlated (r = 0 25) 
wth the concentrabon rn the sod This observataon led researchers to deade that leaf surveys 
would not be useful as mdxators of sod contarmnabon (Barn& 19831, although analyms of 
cottonwood trees has been used to locate berylhum ore deposits m the USSR 

Taken together the sod data suggest that berylhum deposited on sod h m  FWP releases 
is not dxtmgulshable from berylhum m the sod &om natural and other sources 

Berylhum m Ambient Am 

H&mcal ambient au- momtonng for berylhum m the mmty of the Rocky Flats Plant us. 
revlewed and put mta perspective m the Phase II Task 4 Report Evaluataon of &stoncal 
Momtalvlg Data (Rope et al1997) The berylh.m ambient au data were not considered as a 
part of Phase I 

The Dow Chermcal Company site survey monthly reports from the 1950s c o n k  some 
quahtatxve statements and a few quanktatxve measurements of berylhum m ambient m 
Routme momtonng was conducted &om 1970 to 1976 and reported m the Dow Chemical 
Company Monthly Enwonmental Reports The Rocky Flats Plant berylhum releases were 
less than the EPAs hscharge h t  of 10 grams per statxonary source for a 24-hour period 
(EPA 1973) m the 19'70s It 1s Uely that the ambient au momtonng results were not 
reported m the annual enwonmental reports because the results were thought to be low and 
the site was m comphance w t h  EPA standards (Rope et al1997) 

" m e  trend analysis suggests that the concentrahons m onsite rn appear to be unrelated 
to the amount of berylhum released from the plant Resuspension of beryllium released to 
the sod from plant operahons &d not appear to  contnbute sigmficantly to offsite au- 
concentrahons The momtonng data support the predxhon that offsite au concentratxons of 
beryllium are well below background concentrahons (Rope et al 1997) 

Beryllium m Waste 

Berylbum was also present m waste some of whch was discharged mto the solar 
evaporahon ponds ChemRisk descnbed the hsposal of waste from the Coors Porcelam 
Company at the RFP ( C h e m b k  1992) Resuspension or leachmg of beryhum m waste has 
not occurred m the past to an extent to warrant mclusion m ths study 
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compounds produce lung tumors m rats exposed by mhalatzon The workmg group concluded 
that there was suffiaent evldence m expenmental m a l s  for the carcmogemcity of  
berylhum and berylhum compounds After a renew o f  all avzulable epidemiologcal studies, 
the workmg group concluded that there was also suffiaent endence m humans for the 
carcmogeniaty o f  beryhum and beryhum compounds However, controversy about the 
classdicaiaon o f  beryhum as a human wclnogen conbues 

Stuhes mphcatmg beryhum as an occupatzonal carcmogen have exammed lung cancer 
rn cohorts exposed m the 1930s and 1940s before mdustnal hyeene controls were m place, 
when concentrahons were orders of magmtude hgher than perrmtted today Stahsiacally 
sigmficant mcreases have been f i c u l t  to demonstrate m workers exposed to  lower levels 
(Jameson 1996) 

Currently, berylhum IS classdied by the EPA as a B2 probable human carcmogen, 
pnmanly on the basis of suffiaent evldence from anunal experiments Evldence m humans s 
considered rnadequate or b i t e d  (EPA 1996) Beryhum nsk values are scheduled to be 
reevaluated by the EPA m 1997 

Chronic Beryllium Disease 

The potenbal for hstoncal releases of berylhum from the RFF’ to have caused chromc 
berylhum hsease m offsite mdmduals was not addressed m Phase I 

Chromc beryhum dmase, also called berylhosis, IS a progresswe granulomatous &ease 
Although the lung is pnmanly mvolved, it 1s a systermc &ease and granulomatous 
dammatzon may mvolve other organs A delayed-type hypersensihmty reachon is thought 
to play a central role m the pathogenem of  chromc berylbum &ease Sensitxzahon to  
berylhum can be detected by measuring m ntro prohferahve responses o f  bronchoalveolar 
lavage lymphocytes or penphenal blood lymphocytes to berylhum C h c a l  and expenmental 
m a l  data on chromc berylhum hsease support an ~1ll111unologlc, hypersensitmty 
mechamsm for chrormc berylhum &ease Informahon consistent mth such a mechamsm 
mcludes (a) the msi&ous nature of the hsease, (b) a long latency between exposure and 
onset, (c) the granulomatous nature of the lung lesions that develop, (d) berylhosis patzents 
show delayed skm hypersensihvlty reachons to berylhum compounds (e) penpheral blood 
lymphocytes and bronchoalveolar lymphocytes m people mth chromc berylhum &sease 
undergo blast transformahon and release of mgraQon &bibon factor after exposure to 
berylhum rn vkro, and (0 the lack o f  a dose response relahonshp (Deodhar and Barna 1991, 
Hardy 1980, ffiess et a l  1993a, Aller 1990 Clarke et al 1993) 

Suscephbhty to sensitxzabon is llbely to have a genehc basis Recently, a gene was 
identzfied m people with senslhvlv to bervkum (Richel& et al 1993) It was concluded that 
people mth  thls gene have a sigruficantly mcreased probabhty o f  developrng sensihzabon 
than those mthout it (Newman 1993) However it appears that about 30% of the populahon 
has the gene and at most only about 10-15’31 o f  exposed workers become sensitued (Lang 
1994) 

Most commonly researchers estmate that 1 to 5% of berylhum-exposed workers develop 
chromc berylhum hsease (Eisenbud and Lsson 1983 Meyer 1994, EG&G Rocky Flats 1991) 
Sensirnabon rates may be hgher Kness et al (1993b) reported 2 9 to 15 8 8  for berylhum 
exposed persons 

~ ~ 
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Most cases af d r ~ ~ m c  b e r y h  citaeese have occurmi m people working m industries 
processing or wnmg berylhum, however, ~888s of chroruc bery&um cheease have been 
reported m people hvmg near processmg plants and m Famrllea of berylhum workers, 
perhaps &om exposure to &me berJrllnun carried from a plttnt or from handbug 
contammated worker‘s elothng Chromc berylhum durease bas CJSO developed m penpheral 
workers, people m nonprommng areas of factones, who were likely exposed to very small 
amounb of berylhum (I)nuy et at, 1978, 1980, Hasrrn and Kazein~ 1974, Meyer 1994) 
Although Kness et al (1993b) reported that the degree ofbezylhwn was assoctated 
mth dmaw rates, they found that ~ o c c u r r e d m w o r k s r s  d eqmmres as short 
as a 1 month or in people pnth umemgmd exposure 

The occurmnce of beryllzum theas? m those mth madwstmt or seemmgly t n d  
eq~owve has been reported in secretanes and security g w d s  at t6s RFP (ffiess et at 
1993b) and other huhttes (Lang 19941, a)- m a cemnucs c ~ m g ~ p g  ISM), and in 
members of worker‘s htnasehdds and 8round be€yHmm eadzdim plants 
(hsenbud et at 1949, h b u d  and Iassan 1983, EFA -1 The War are termed 
neighborhood cases, whch are cases of chrwrc beryhum dmeam that OCCUI 1p people hvmg 
m the v~cmty ofthe beryhum plants (EPA 1987b) 

In a report summanzmg the r e i a t ~ d p  between the d e m s  of n o n o c c q a u  
related cases of dmmc berylhum chsease and the levels of atmospaerie cantaumation, 
Ehenbud et al. (1949) obgerved that the dwtnbuhon dthe cmm wltkrerrpeet to tbe plant 
m&cated that the mcidence af b a s e  was a fnnctson of the conc8n-W to tffhtch the 
resxdents were exposed The nmdence ofdisease m t b  m r  ofa mile was about 1% 
or 5 of 500 people (Exsenbud et al. 1949) The cases of M e  berylbum b a s e  zn the 19308 
and 19408 m Salem, Massach~tts,  occurred almcwt entidy xn Buorescent lamp 
manufacturing workers except for three n ~ h b o r h d  cases. B rught wat;chman, a near 
n q b ,  and a housevide mth two young -men hving IU her home who were fluomscent 
lamp workera htectxon was rmnnnnl and workers were eqwMMi to hrgh kds o f  berylhum 

chrome bexylhum dxsease occumed as an epdemic rn the 1- 1- to the 
edalhhment ofthe Berylhum Case Regs&rym XS51 The Case RBgiatryisafi fir caseso€ 
acute and chronic bergllrum &ease, now rnamtsmd by the N a b d  Instztub o€ 

Ckcupahonal Safety and Health xn CltlQnnati (Lana; 2994, EPA 198%) In 1983, Exsenbud 
and Isson r e w e d  the Berylhum Case Regrstry’s 224 acub and 622 eibamc cases These 
cases mcluded 577 ompafaonal and 65 c b m c  berykumt dmase cases attributed to ambient 
aw poUuhon, 42 were attnbuted to ambient mr exposrne m areas a ti the wcxuty of berylhum 
plants and 23 to exposure to dust brought home on wmkcrothes They reported m new cases 
for m d m i d d  exposed aRer 197% and b e l i d  that amtd measures mplemented in the 
1950s had reduced ChrOIuc berylhum clisease despm a gltEBJL%d mmase m the use of 
berylhum However, results of more recent mearch a d  d h x d  work have led to quesbons 
about the effeetveness of berylbum control merrsurcs and standards on reducmg the 
mdence ofcbrolllc berykm cfisease 

Although many researchers have pmmed &e ap-t &&aeness ofthe a~ standards 
for beryhns and have asserted that no new cases of beryllium dmease have o c d  smce 

paospaars (Hardy 19801 

observance of these h u t s  (Hurlbut 19741, ethers 
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may not be protehve for senstnabon (Newman 1993, Lang 1994) and the hu t  designed to 
protect the general pubhc may not be low enough (Clarke et al 1993) The EPA considers the 
ambient aw standard protechve for the pubhc mth ample margm of safety (EPA 1987b) 

Lee Newman, of the Occupahonal and Enwonmental Mehcme Divlsion of the Nahonal 
J e m h  Center for Immunology and Respvatory Medmne m Denver, was reported to beheve 
that mth mcreasmg use of berylhum m mdustry, the absolute number of cases can be 
expected to mcrease He sad, ‘even mth careful venldatory controls and momtormg, cases of 
chromc berylhum &ease mll contmue to occur such hypersensikng can develop 111 some 
mdmduals followmg even low-level exposures, well m t h ~ ~ ~  pemsib le  exposure huts” 
(Lang 1994) Evldence exlsts for biologxal responses and possible sensitazakon occurrrng 
after exposure to levels Ear below the current threshold h u t  values (Clarke et al 1993) 

No dose response relahodup (dose 1s usually measured by durabon of exposure) has 
been estabhshed for this chromc berylhum &ease, whch IS mterpreted as mvolvlng a 
delayed-type hypersensitmty so that even very low exposures may be sufficient to lnduce it 
Chromc berylhum &ease can develop m people mth relatmely low exposures, whereas 
nonsensitned people expenenung hgh exposures may not develop the &ease (Deodhar and 
Barna 1991, Wagoner et al 1980, Mancuso 1980) Even shghtly exposed mdmduals, such as 
neighborhood cases sometunes show severe c h c a l  forms of the hsease (Hardy 1980, 
Esenbud et al 1949) 

Recent stuhes pubhshed m Kness et al (1993b) suggest that both mdmdual semtmty 
and degree of exposure or exposure circumstances are mportant m deterrrrrmng the nsk of 
developmg chromc berylhum &ease Although chromc berylhum &ease cases have been 
assoaated mth tnwal or UnrecogDlZed berylhum exposure, chromc berylhum &ease rates 
were hgher m workers mth presumed greater berylhum exposure, seemmg to challenge the 
~mmunologmd dogma of no dose-response m chromc berylhum &ease 

In general, the most appropnate end pomt for nsk assessment IS the effect that occurs at 
the lowest exposure Because chromc berylhum &ease can develop mth very low-level 
exposure it may be a better end pomt than lung cancer for assessmg nsk to low-level 
exposures However, chromc berylhum &sese may not be dose-related and the percentage 
of an exposed populahon that mght be expected to develop the dxease at a gwen exposure 
level is not known (Jameson 1996) Conductmg a quanhtakve nsk assessment 1s not feasible 
because of the lack of dose-response 

In hght of the complexlty and apparent unmunologxal (no dose-response) nature of 
chromc berylhum &ease the Health Advlsory Panel for the Rocky Flats Health Stuhes 
chose lung cancer rather than chromc berylhum &ease, as an end pomt for nsk assessment 

PHASE I EXPOSURE AND RISK CALCULATIONS 

For Phase I berylhum releases and transport m am were modeled usmg assumpkons 
that are descnbed m detal 111 the Task 6 Report (ChemFbk 199413) The p d c t e d  annual au 
concentrakons were presented as concentrabon isopleths on maps of the site and 
surroundmg area In calculatmg deposihon of amborne contarmnants it was assumed that 
the parhcles released were subrmcron m slze because of HEPA filtrakon Small deposikonal 
veloatxes were used and dry and wet depositxon were considered The calculakons and 
uncertalntzes are descnbed m Seckon 3 of the Task 6 Report (ChemRisk 1994b) Nme 
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Cancer Potency Determmation 

The EPA weight-of-evldence classficahon for berylhum is B2, a probable human 
carmogen B2 carmogens are defined by the EPA as chermcals mth d c l e n t  evldence o f  
carcmogenicity m annals mth madequate or a lack of human data 

The estmate of the excess hfetxme cancer nsk is the product of  the dose and the 
carclnogeruc potency slope factor (SF) 

Excess cancer nsk = berylhum exposure concentrahons x slope factor 

Cancer slope fadors are usually estmated from amnal stuhes usmg mathematacal 
models, most commonly the heanzed mulhstage model, for estmatmg the largest possible 
h e a r  slope (mthm the 95% confidence hut) at extrapolated low doses that are cons&ent 
m t h  the data The SF B expressed m wts of the mverse of &gram mtake per lulogram 
body weight per day ckg d mgl)  It represents the 95% upper confidence h t  of the 
probabdlty of a carcmogemc response per d d y  unrt mtake of a chermcal over 70 years The 
SF (and nsk) is charactenzed as an upper-bound estmate The true nsk to humans, wlde 
not identdiable, is not hkely to exceed the upper bound estmate 

The mhalahon u t  nsk factor 1s the nsk per umt concentrataon m a r ,  calculated by 
&vldmg the SF by 70 kg and mulhplyng by the mhalahon rate (20m3 d 1) (EPA 1995) 

SF BR 
BW CF 

UR=- 

where 
UR = unrt nsk tm3 pgl)  
SF = slope factor (kg d mgl)  
BR = breatlvng rate (m3 d 1) 

CF = correctxon from mg to pg (1 x 103) 

Usmg t h s  relahonshlp, a SF of  8 4 mgkg/day was calculated from the mean of the ulllt nsk 
values pubhshed m Integrated a s k  Informahon System (IRIS) (EPA 1996) 

For the quanhtahve estunate o f  the carcmogemc nsk from mhalahon exposure, the 
znhalahon u t  nsk value was calculated usmg human occupahonal epidermolog.lcal data of 
Wagoner et al (1980) Jushficahon for ths approach mcluded the fact that humans are most 
hkely to be exposed by mhalahon to berylhum omde rather than other berylhum salts, and 
anmal stuhes of berylhum oxlde have rnvolved mtratracheal mstdlahon rather than 
h a l a t i o n  

Relatlve nsk estmates were denved from the smokmg adjusted lung cancer death data 
The relahve nsk estmates ranged from 136 to 144, and the 95% confidence b i t s  of these 
estunates, 198 and 2 09, were used to estmate the Wetme cancer nsk The eshmates were 
based on one dataset usmg a range of estmated exposures and exposure durahons The 
effectwe dose was calculated by adjustmg for durations of  daily (8124 hours) and annual 
(240/365 days) exposure and the frachon of the hfelzme at nsk (duralxon of employnent) 
Because of uncertamlzes rn the bervlhum exposure levels and exposure tunes u t  nsks were 
denved usmg two estmates each of concentrahon fiachon of hfetme exposed and relatwe 
nsk These data are summanzed 1 ~ .  Table 3 The recommended value for use m nsk 
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assessment pubUed rn IBIS is 2 4 x le, the mthme&ic man of tbe derived trplt 

nslrs The values are conserrratwe, calcutated usmg the 96% confideme h t  of the relatave 
risk estmates AbS0rpt;on of berylhum w taken =to account m de~dopmg umt nsk levels 
Although based on human data, whch generally prode for more confidence than anund 
data, the q d t y  of the study on whch the esbnates are based 18 mndered poor because 
the study was confounded by several v a n d h s  A quantztatave assearament based on pnunal 

stu&es was reported to have resulted 1p a s m h r  estmztb of nsk (EPA 1996, EPA 198%) 

Table 3 Values froln Human lnhaiabn, Occupabod Expagare W e s  Used 
toCalculateunitIbkVh(EPA1981b;EPA~) 
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denved usmg these assumpbons was reported m IRIS (EPA 1996) The m m u m  and 
m m u m  values (EPA 1987b) can be used to calculate a mlmmum and maxllIlum SF The 
rnaxmum nsk per microgram per cubic meter value of 7 16 x 10 3 corresponds to a SF of 25 
(kg d mgl)  and the mlnlmum llsk per rmcrogram per cubic meter value of 161 x 10-4 
corresponds to a slope factor of 0 56 (kg d mgl)  These values were used to appromate  an 
uncertamty -bution for the SF assummg a tnangular dstnbution mth the most hkely 
value bemg 8 4 kg d m g l  

E " I R 0 " T A L  TRANSPORT MODELING 

Atmosphenc releases of berylhum dunng routme operahons at the RFP pnmanly 
occurred from two release pomts roof vents on B d d m g  776 and Bddmg 444 Other m o r  
release pomts were also identzfied m Phase I reports In thLs sechon, we descnbe our 
approach to estunatmg atmosphenc dispersion of berylhum for the years 1953-1988 and the 
uncertamty assomated mth concentratmn estmates ~ 1 1  the model domam We have 
mcorporated estunates of the quanhties of berykum released to the atmosphere promded by 
ChemRsk m Phase I and summanzed m a previous secizon We use these bpersion 
e h a t e s ,  along mth the exposure scenanos developed and carcmogemc SFs, to calculate 
nsk for selected receptors m the model domam 

Atmospheric Model Selection 

five atmosphenc transport models consldered for use m thLs study were evaluated 111 

Rood (1996) (1) the Terram-Responsive Atmosphenc Code (TRAC) (Hodgm 19911, (2) the 
Industnal Source Complex Short Term Version 2 (ISC) (EPA 1992) (3) Reeonal Atmosphenc 
Transport Code for Hanford Emsslon Trackrng (RATCHET) (Ramsdell et  al 19941, (4) 
TRIAD (ficks et al 19891, (5) and INPUFF2 (Petersen and Lavdas 1986) The purpose of the 
model companson study was to deterrmne what models If any, performed best m the Rocky 
Flats envlrons for a oven set of modehg o b j d v e s  These data along mth other studles 
were used to estabhshed the uncertamQ one mght expect from a model p r d c h o n  

Model evaluations were based on how well pred~ct~ons compared mth measured tracer 
concentrations taken dunng the Wmter Vahdatzon Tracer Study (Brown 1991) conducted m 
February 1991 at the RFP The study conslsted of 12 separate tests, 6 were conducted dunng 
rughttune hours 4 dunng d a m e  hours and 2 dunng day-mght transihon hours For each 
test, an mert tracer (sulfur hexduonde) was released at the FWP at a constant rate for 11 
hours T w o  s a m p h g  arcs 8 and 16 km from the release pomt, measured tracer 
concentrahons everv hour for the last 9 hours of each test penod Seventy-two samplers were 
located on the &km arc, and 68 samplers were located on the 16-km arc Predicted 
concentrations were then compared to the observed tracer concentrahons at each of the 
samplers 

Modehg ObjectIves for the companson study were based on the prermse that identzfylng 
locahons of mdmdual receptors on an hour-by-hour bas= was unllkely Instead it was more 
llkely to idenhfy receptors (hypothetical or real) who were present at a fixed locahon for the 
duration of a release event The m u m u m  tune scale of h t o n c a l  release events at RFP 
ranged from one to several days Release events modeled for the Wmter Vahdation Tracer 
Study were 9 hours rn durahon If we assume the receptor is fixed for a tune penod of at 

~~ 
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Figure 2 Observed arcrntegrated concentrahon as a funchon of 
prehcted values for the five models compared usmg the Wmter 
Vahdatxon Data Set Correlatxon coefficlents were for the log transformed 
data The sohd h e  represents perfect correlatxon between prehcted and 
observed values The dashed h e  represents the logtransformed 
regression fit 

The three models RATCHET INPUFF2 and TRIAD performed comparably and were 
considered vlable candidates for atmosphenc dqers ion eslzmates We chose the RATCHET 
code for modelmg routme releases of beryhum for the followmg reasons 
0 The model was easdy configured for long-term (annual average) hpersion estunates 
0 Spatxal Merences w&m the model domam are accounted for (1 e surface roughness 

meteorology) 
Algonthms to compute plume deplehon and deposihon for fine parhcles are rncluded 
(deposihon must be computed outside the TRIAD and INPUFF2 codes) 
The model reqmres rneteorologmd data m 1 hour mcrements whch are the same as 
those gven for tvpical w o r t  observahons 

0 
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Correctzons for model buts were made m tbe uncertamty d y s s  Featurea ofthe RATCHET 
model are summanzed xn Tabie 4 

Table 4 Features of the RATCW Model 
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Elevation Contour Interva' 200 meters 

Figure 3 RATCHET enwonmental modelmg gnd and roughness length values 
(2,) Symbols represent gnd nodes and the zo value assigned to the node 

RATCHET uses two modelmg gnds Hourly meteorologxal records are used to estunate 
wmd speed and drection stab&& and precipitahon on the enwonmental gnd m ad&bon 
to surface roughness features The concentrahon gnd has spaclng one-half that of the 
enwonmental gnd Ground-level concentrations and deposition are output at each of these 
gnd nodes The enwonmental gnd was set at 23 nodes east-west and 26 nodes north south 
mth  a gnd spaclng of 2,000 m The concentrataon gnd has 45 nodes east west and 51 nodes 
north-south mth a spaclng of 1,000 m The southwest comer of the model domam has the 
UTM coordmates 470850 E and 4387050 N Release pomts are defined by &stances (m 
kdometers) from a reference node The reference node for the enwonmental gnd was (7,151 
and (13,291 for the concentrataon gnd and both have the UTM coordmates o f  482850 E and 
4415050 N 
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Page 20 U n c a l  Pubhc Ekposm Stmixes on Rocky Flats 

Fqure 3 was generated usmg Umtecl Stetes Geologml Survay (UsGsII 7 5-rmnute -tal 
elevataon models Topographc coptours were based on um &vatton gria spa~ng of 100 m 
Major roadways were dqpbed from USGS 1 100,000 -tal lxne graphs bugbness lengths 
were d e h e d  for each enwonmental gnd node and were separated rnfa regions deheated by 
the dotted h e s  on hgure 3 

MeteoFology 

Meteorologmal data for the operahnal pen4 of Rocky Ffats (lS2-1988) are spomdlc, 
mcomplete, and of quesbnable mtegnly Requests for rneteom- data from the RFP 
were untaaUy made by (=hem&& dunng Phase I of the prop& C h e d a s k  was able t6 locate 
two letters from Dow Chermcal to Dr Roy Cleare, E.scative Dxmctar of die colorado 
Department of Health, dated March 20,1970, that contained wm6 speed and dhctaon for 
v w  tune mQemepts during the 1957 d 1969 fire madads. camptltar ddwtbs 
c o n b m m g d  speed, umd directron, andpeuphtioa meaaurrtpaentsframoetofw 1968to 
May 1969 were also o h e d  These data were hmly obse- tnLnn OaPEgxBMIfel y 15 

A==€& 
these data appeared to be c)lmatalogicay reasonable, no reaerds of- dikatam or 
audxts of the m€brmataon were found Parameter dulaon was vw coarse (for example, 
wmd timechon resolutaozt was 45 d-1 five yeam (1987-19911 d hgh qua& 
meteorologmddata talcen at the 61-m tower d RFPwem obhuud d d b$42iemR&m 

An exkenme data search was mtiabdrn 1994 by Ra&&gudEJm Coqmu#zon 
0 resedezs b locate mmmg data and zntermew persoad who were mvohred wz& 
measurements at the mte No new data were recovered, but wed pmsaanel reported 
problems mth the recordmg restnunentatton at the IWP, such as the measured wmd 

co\mtYmfi 
(about8 Irm east ofthe plant) were obmedfor the pema 196811971 'weeadataumeody 
reported for the hours whde the avport was open (06#-!B OobcaI stendard h e )  and were 
uwtantaneous measurements and not houdy averages as was typical o f  all aupoxt data 
before the Automatzc S& Observatron Site WOS) syetem was d e d  & mQst q o r  
auports In 1994, the RFP hved a subcontxadnr to mmpb, acreen, vahdats, and m e  
h&oncal clurratalogxal data (DOE 199%) A draft &part was med M February+ 193!5, the 
report contained monthly and annual summanes o€ wind apcede, wmd dhchns,  
preczpitataon, temperature, and other parameters for the years 1963-1993 aThJe these data 
are of mterest and may be urtptwtant for some aspects of m o d e ,  tfiey W e d  the mmluhon 
reqmed for detslled atmospheric transport mode& 

W e  concluded that meboro1ogxd d&a taken dtaing the time the RFP was operatang 
were meomplete, unreliable, and us- for a~~ klrnspoat modehng during the 
perxd, 19521988 However, eurrogate data, a &Rtren& trses period tan be UBgd ta 
make annual average *=on est;lmates fior past releasee W e  u88d tfus approach m our 
modekg effort 

For OUT mdekng ef€ort, we used rnetatmlogacaf data Spannmg a $year penad (198% 
1993) taken at h o  recorhg s t a h a s  located at the RFP and Denver stal&leton Intematimal 
Auport The EPA considers a 5-year database adequate for pdiding mnd-average am 

before the top of the hour and do not repreeent k l y  a.cmrryggs 

P h a s e I o f ~ p r o l e e t f o r ~ ~ ~ a w l a g e ~ ~ ~ n w ~ r s l ; r r s s e s  

dmctaon being &by 180 degrees. aher data recordedfirom neaxby 
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quahty impacts at a site Meteorologuxl data from RFF' were taken at the 10-m level from 
the 61 m tower located on the south side o f  the plant complex at UTM coordmates 482064 E 
4414963 N Data recorded at t h s  stahon rncluded wmd speed, wmd drechon temperature 
and other parameters (heat flux and standard denahon of  wmd drechon) that were not 
used m these sunulahons The Denver Stapleton meteorologxal stahon was located 24 km 
east and 14 km south from the center of the model domam (RFT) These data mcluded hourly 
measurements o f  wmd speed, wmd drechon cloud cover, and preclpitahon It IS known that 
meteorologxal condihons m the Denver metropohtan area can M e r  si@cantly from those 
at Rocky Flats (DOE 1980) Therefore, it IS unreasonable to use meteorologml data from 
Denver alone for sunulahons rnvolvlng releases from Rocky Flats In these sunulahons, 
mtd plume trajedones are pnmanly d u e n c e d  by the wmd drrectaon at Rocky Flats Only 
&r plume elements are transported to the Denver metropohtan area are trajedones and 
bpersion d u e n c e d  by meteorologxal conlhons present there 

Data Procesmng 

Meteorologuxl data from 1989-1993 were obtamed rn electromc format from the Rocky 
Flats meteorolog& These data were measured at a height o f  10 and 61-m from a 61-m tower 
located at RFP Only data from the 10 m level were used m the sunulahons Each record 
represented the average over a 15-mmute recordmg penod and mcluded wmd speed and 
dmechon, temperature, heat flux, and standard devlahons of these parameters Processed 
data suitable for use rn EPA's ISC code were also o b h e d  for the same tune frame These 
data mcluded stabrllty class estunated by the lateral turbulence and m d  speed method 
(standard devlatzon of the honzontal wmd dreclzon fluctuahons) as desmbed m EPA (1987~)  
and mlrong height esmates  The rmxlng heights were denved from h e a r  mterpolahon for 
each 1 5 - m u t e  penod from the ramsonde data h s h e d  routmely every 12 hours by the 
Nahonal Weather Semce for Stapleton Internahonal Auport These data were used as 
default rmxmg-layer depths m RATCHET hhung-layer depths are calculated hourly mthm 
RATCHET at each a&ve meteorologxal recordmg stahon usmg a methodology descnbed by 
Zfitmkevlch (1972) The calculated or default value is selected on the bas= of the relahve 
magmtude of  the calculated and default values the s t a b h e ,  season, and tune of  day The 
larger o f  the two is selected for the meteorologml recordmg stahon for the even hour A 
mulhple h e a r  regression t e b q u e  is then used to provlde a smooth spahal vanahon m 
m m g  layer depth across the model domam 

Stabhty classes were calculated separately for the RFP and Denver Stapleton PLUport 
meteorologuA recordmg stahons usmg the general classdication scheme lscussed m 
P a s q d  (19611, Glfford (1961) and Turner (1964) Tlus typmg scheme employs seven 
stabhty categones rangmg from A (extremely unstable) to G (extremely stable) and requlres 
estunates of  sky cover and cedmg height Cloud cover and cedmg height data for both 
stahons were assumed to be the same and were obtamed from the Denver Stapleton Arport 
data 

Hourly average wmd speed and drechon also were calculated from the raw RFP 
meteorologxal data usmg the protocol descnbed rn EPA (1987~) An anthmehc average of the 
wmd hechon was computed first and it was then segregated mto 1 of 36 10 degree 
mcrements as requred by RATCHET The average wmd speed for the hour was computed bv 
takmg the average of the four 15 m u t e  data segments Hourlv precipitahon records from 
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Atmosphenc Transport Model Parameters 

"bIS sectam describes the mput parruneters that were dected for the RATCHET model 
for mmulataons ~~~volvmg normal opratmnal releases. These parpmeters laclude Sulface 
roughness le& topography, dry and wet depmhon, CtffUslQn coeffiuents, release 
parameters O&on and height of r e k ) ,  and model contd parameters (number of puffs 
per hour and G o m p ~ o n i a l  optl048) 

Topograpay 
The RATCHET model does not expl idy ddrewa terrarn Bifferences m h  the model 

do- fnstead, tupography and topograph~c &&fa on traapport and d&usmn a n  reflected 
in the surface roughness lengths aad observed wiad velmty data that are airected by 
topograpbwd features Topography IP &e model damam chgure 3) can be charactenzed by 
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three major features the north-south trendmg Colorado front range f o o W s  m the western 
part of the model domam, the southwest to northeast trendmg Platte fiver Valley located m 
the southeast part of the model domam, and r o h g  lulls and flat farmland that 1s 

predommate m the central and northeastern part of the model domam The surface 
roughness lengths reflect these features as stated m the prevlous sectzon Observed 
meteorologmd data are lackmg m most of the model domarn and are woefully madequate to 
charactenze wmd fields m the foottulls reson However, meteorologml observahons at 
Denver Stapleton -01% do capture the a31 movement m h  the Platte hver  Valley, whch 
is notzceably Merent  than that at the FtFP (DOE 1980) Therefore, to a h t e d  extent, 
topography is accounted m the model slmulatron The use of a complex terram model would 
also suffer from the lack of meteoroloscal data, especially m the foothIlls reeon 'Rus reDon 
may be of httle mportance because the few receptors were present there dwmg operahon o f  
the plant 

Dry and Wet Deposltron 

The rate of depositzon of small parhcles on surfaces rn the absence of precipitabon is 
proporhonal to the concentratron of matenal near the surface The proporhonahty constant 
between the concentratzon rn sur and the flux to the ground surface is the dry deposltzonal 
veloclty The current generatzon of apphed models estmates deposibon usmg an analogy 
mth electncal systems as described by Sedeld (1986) The depositzon 15 assumed to be 
controlled by a network of remtances, and the deposlkonal velouty is the mverse of  the total 
resistance Resistances are assoaated mth atmosphenc condhons, physlcal charactensbcs 
of the matenal and the physical chemcal and biologxal properhes o f  the surface The total 
resistance 111 RATCHET is made up of three components aerodynamic resxdance, surface- 
layer resistance and transfer resstance Thus, the dry depositzon velocity (ud, m SI) is 
calculated usmg 

(2) ud = (rs + r, + rt)- 1 

where 
r, = surface layer resistance (s m-1) 
r, = aerodynamic resistance (s m-1) 
rt = transfer resistance ( s  m-1) 

Surface layer resistance and aerodynamic resistance are gwen by 

ra = U(Z)/U,~  (3) 

rs = 2 640 4 u,) (4) 

respectrvely where ut = fnchonal veloclty (m s-l) and U(z) = wmd speed (m s-l) measured at 
height z (m) above the ground The fnchonal velociQ is even by 

where K = the von Karman constant (04) q, = surface roughness length i,u = stabdity 
correctzon factor and L = the h5om Obukhov length (m> As the mdspeed mcreases rs and 
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Figure 4 Gramtahonal settlmg veloaty as a funchon of 
parhcle dlameter for berykum (p = 1 85 g 

Wet deposlhon o f  small parlzcles m RATCHET 1s modeled usmg a washout coeffiaent 
and assummg meversible collechon of  parkcles as the preapitahon falls through the puffs 
The followmg expression bcussed rn Slum (1984) is used to compute the washout coeffiaent 
rnRATCHET 

CEP, 
035 P, Py A =  (7) 

where 
A = washout coefficient (hrl) 
C = empmcal constant assumed to have a value o f  0 5 
E = average colhion effiaency assumed to be 1 0 
Pr = preapitahon rate (mm hrl) 
Pn = normahzed preapitahon rate (PA/ [l xmn h r l l )  

Dunng penods of  snow, the washout coeffiaent for p d c l e s  1s computed by 

Precipitabon rates rn RATCHET are separated mto SLX classes three for hqud and three for 
frozen precipitahon (Table 6)  These classes are the same as reported by most auport 
meteorologcal recordmg stahons 

Diffusion Coefficients 

The RATCHET model estmates the -ion coeffiaents dxectly from stabshcs for 
atmosphenc turbulence In most cases the s t a a h c s  descnbmg atmosphenc turbulence (1 e , 
standard denahon o f  the horizontal and verhcal wmd du-echon fluctuahons) are not 
routmely measured at most meteorologxal recordmg stahons However RATCHET makes 
use of atmosphenc condhons that are either measured or calculated from routme 
meteorologxal data to estmate the turbulence stahsbcs The parameters wmd speed 
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proporhoned between the two bddmgs  based on the relatwe contnbuhon each b d d m g  had 
to the= combmed total Therefore, the proporhon from B d d m g  444 was 0 2540 25 + 0 19) = 

0 6 or 60% and the remamder (40%) was proporhoned to B d d m g  776 (Table 7) Releases 
from B d d m g  776 were reported to onginate from five roof vents "he roof vents were hooked 
shaped and dwected flow down toward the top of the roof Therefore, the modeled release 
height was the helght of the b d d m g  The buddug height was 11 6 m and the honzontal 
dunensions were 61 m x 104 m The vents were assumed to be h t n b u t e d  across the roof 
resulting m an area source geometry The area source was sunulated by modlfvlng the mhal 
ddkiion coeffiaents usmg a procedure desmbed by Petersen and Lavdas (1986) The mhal 
honzontal dSusion coefficient (9) is the honzontal dunension of the source hvlded by 4 3, 
and the uut~al vertical &ion coeffiuent (a") IS the hexht of the source dmded by 2 15 
For these sunulatzons, we used the 61-m length as the honzontal source dunension 

Atmosphenc releases of beryllium from B d d m g  444 ongmated from vent number 122 
after passrng through two stages of HEPA mtrataon (ChemRsk 1992) Flow rates, stack 
heights, and release veloahes were not charactenzed by Che- For thts analysis, we 
have assumed the release to occur from a pornt source on the roof (14 8 ftJ mth no buoyant or 
momentum dnven plume m e  

Table 7 Release Parameters for Bddmg 776 and Bddmg 444 

Release Pomt Parameter Value 
B d d m g  444 Stack heght 

Stack hameter 
Flow rate 
UTM east 
UTM north 
Release helght B d d m g  776 Roof Vents 

5m 
2 0 m  
16m3s-1 
482372 m 
4414860 m 
11 6 m 

Inlhal Cr 14 1 m 
Inltlal av 5 4 m  
UTM East 482938 m 
UTM North 4415879 m 

Stack h p  downwash is also modeled m RATCHET, however b d d m g  wake is ignored 
Bruldmg wake is only unportant for receptors close to the source At &stances of about 1 km 
modeled atmosphenc concentrahons are relatwely unaffected by buddmg wakes (Ramsdell 
1990) 

Other Parameters 
Several other parameters m RATCHET Quence the accuracy of output and computer 

runtune These parameters mclude the number of puffs per hour, mlnlxnum tune step, puff 
consohdahon maxunum puff rahus, and mlnlmum puff concentratzon at center We chose 
the suggested RATCHET default values for all these parameters except m u m  tune step 
and mlnlmum concentrataon at puff centers (Table 8) Accuracy of the sundataon can be 
unproved by usmg a smaller tune step The RATCHET default was 20 m u t e s  whch we 
reduced to 10 mrnutes The m u m  concentratzon at puff centers was reduced from 1 x 
1013  to 1 x 10-15 to allow for plume trackmg throughout the model domam The puff 
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consohdataon parameter d u e  c o m a  puf& &om the same same when rata0 of &e pUtr 
centers to the average q 1s less than the -mput value The @ conaddahon rata0 and 
m8x1II1um puffradrus (m uxuts of q) were set at R A " E 3  d e h d t  waims of lb and 3 72 
respect~vely 

Table 8 RATCHET Model Coptrvrl pI1.pnetcrs 
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repeatmg the smulatxon a number of tunes until an adequate output &stmbutxon is 
acheved These methods are both h e  consurmng and computatxonally mtensive and fad to 
capture model uncertamty In our approach, we wdl ignore the b d t  m parameter 
uncertamty m RATCHET and focus our efforts on defhng the chstnbutxon o f  a correctxon 
factor that wdl be apphed to model output The correctxon factor vvlll be based on field 
expenments, considemg the relevance of the experunent to actual release con&txons and 
model domam enwons The correctxon factor may then be multxphed by the model output, 
resultmg m a distnbutxon o f  concentratxons at a gwen receptor 

At &.IS pomt, we have only identdied the uncertamty m a pre&&d annual average 
concentrahon for a speclfic year for whch we have the meteorologxal data for the year we 
are pre&dmg Unfortunately, t h ~ ~  1s not situabon we are presented mth  m t h ~ s  analys~s In 
tlus analys~., we are usmg 5-years o f  meteorolopcal data sp-g a Merent  W e  penod 
(1989-1993) to define an annual average X/Q value (concentratxon &mded by release rate) 
that wdl be apphed to all prevlous years (1952-1988) The questxon IS, how well does ths 5- 
year penod represent the past? We &verge from our mhal example because the annual 
average X/Q for a known year may be considered a fixed quanhty, but the annual average 
X/Q for any even year may be considered a stochastxc quantxty 

Compansons o f  annual average X/Q values computed mth a 5-year data set to the 
annual average X/Q computed usmg the meteorolomcal data for each s p e d c  year was 
recently performed for the Fernald Dosunetry Reconstruthon hOJe& CRAC 1996) 
Meteorologmd data h m  the Cmcmnah Auport from 1987 to 1991 compnsed the 5-year 
composite meteorologml data set Annual average XlQ values computed mth these data 
were then compared mth the annual average X l Q  vdue computed for each s p e d c  year 
usmg the meteoroloDcal data for that speclfic year The years spanned from 1951 to 1991 
Concentratxons were calculated at 160 receptors rangmg m h t a n c e  from 1,000 to 10,000 m 
from the release pomt A straght h e  Gaussian plume model for a 10 m release height was 
used to generate the XlQ values The 5-year composite X/Q dmded by the XlQ for the 
specdic year (PI0 rabo) forms the bas% of Figure 5 Rgure 5 depicts the 5*, 50* and 9S” 
percentile of the Cumulatxve Frequency Ihstnbutxon for all pomts m the model domam 

~~ 
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Cummala Jomt E’requency data Rmiicbd (P)etnmqm&ta h f f v e -  
year composste Joint Frequencsr €or 1987-”31, OBScBNed (01 
corresponds to the Jomt Fkequencyfor aqmctfic year@mnRAC 1996), 

As one would expect, the spread 18 much larger forthnae y6am &at da notlnckrde the 5- 
year compte data The long-term trend ofthese data may depend e y  on location 
Ifttus procedure s applred to the RFP envmm using Denver Stapkbm h p z t  data for 
mstance, the locus of the 50th percentales 18 klrelg to too% Somewhak dEfferen, although the 
amphtudes may be slrmlar Obtamng these data for Denver StaptetOn and pe- the 
calc?,alataonsIsnot atmvmltnrrk. awlthe ovednnpa&rmtFiereartdt%aaaymtwarraatthR 
tune andremmrce fIlvestment For ths reason, w e h  &menuasasad to adaptthtrse data to 
our analym because rmpacts h m  n o d  rrperclttnnil am not ezp&e& tu donsinatc the 
o v e d  exposures to the popdahon sarroundmgthe R F p d - w d a  be b&er Bpent 

on those sou~ces that would have the greatest =pa& 
The Fernald data were represented by a rndtphcahve cormchon factor bvmg a 

geometric mean (GM) of 1 0 and geometric standard devlaQoa (GCSD) of I 7 Tius distribution 
was developed uslng the fouowmg eampkng sheme 

Notrng &om Figure 5 that the maximum range m the GI& s a  factor oftwo, a GM 
was randomly selected from a logyluform dmbbutmn mth a mmunum 2-rn and 
magmum 2113 

Umng the GM from step (1) and GSD = 1 61 (the m813HIuHL GSI, calculated from the 
rata0 of the 5-year camposlte X/Q to specific p a r  X/Q fin the 40 ytxm @€ data), a 
sample m drawn from a lopomal dxstmbutmn with these parameters- 

Values are stored from step (2) and the process = repeated 

1 

2 

3 

n s  somewhat consenatwe procedure takes awmt of the year-tcqear vanah&Q m the 
GM of the 5-year composite XlQ  to speclfc year X/Q mho, as well as the uncerbme 
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associated mth locahon For a sample sne of 1,000, a lognormal htnbuhon was fitted mth 
a GM = 1 0  and GSD = 17 

Distnbutxon of Correcbon Factor We begm the process of d e b g  the &stnbuhon 
of the correctxon factor by revlewmg some field studies considered relevant to the assessment 
queshon (Table 9) The correctzon factor IS defined for t h ~ ~  study as the mverse of the 
distnbuhon of prehcted-to-observed raho [I./(Cdc,>l The assessment queshon is, W h a t  is 
the annual average concentrahon a receptor is exposed to m the model doma~n?~ Relevant 
field stuhes mcluded a model evaluahon usmg the Rocky Flats Wmter Vahdahon Tracer 
Study data set (Rood 1996) vahdahon exerases for RATCHET performed at the Hanford 
Reservahon (Ramsdell et al 19941, summanes of model vahdahons performed for the 
Gausslan plume model ( m e r  and Evely  1997), and other studles reported m the hterature 
No one study IS entvely relevant Averagmg tunes, release con&hons, meteorolopcal 
confihons, and terram conddzons are Merent  than what we are attemptmg to smulate m 
t b  study Nevertheless, these are the only data we have to work mth and it IS unllkely we 
wdl find a field vahdahon expenment that was conducted under the exact condihons o f  past 
releases at Rocky Flats Uncertrunty bounds may be expanded to compensate for our lack of 
knowledge 

An adhhonal study (Carhart et al 1989) not reported m Table 9 mcluded puff dqersion 
models that were simdar to RATCHET (MESOPUFF, h4ESOPLUME) Evaluahons were 
performed usmg tracer data bases from Oklahoma and the Savannah Rwer Site Oklahoma 
data consisted of two expenments measured at 100 and 600-km arcs downwmd of  a %hour 
perfluorocarbon release The Savannah hver  data mvolved 15 separate expenments 2 to 5 
days m duration where SKr was released from a 61-m stack and measures at pomts 28 to 
144-km downwmd from the source The raho of the uueruge prehcted concentrahon to the 
uueruge observed concentrahon was between 0 5 and 2 Note that thu measure is M e r e n t  
than the htnbuhon of mdmdual predicted-to-observed rahos reported m Table 9 There 
was also a tendency for models to overpredxt concentrahons m both data sets 

The study considered most relevant to the assessment queshon mvolved the RATCHET 
model usmg the Wmter Vahdahon Tracer Study data set W e  it is true the release 
con&txons for t& study Mered  from those modeled (1 e , pomt source and area source) and 
the averagmg tune M e r e d  (1 e annual average as opposed to 9-hr average) these data were 
obtamed m the same enwons that we are attemphng to slmulate In adhhon, mpacts on 
predxted and observed concentrahons because of s p e d c  release conhhons tend to dlmlnlsh 
mth mcreasmg receptor &stance Release heights are not that much Merent  from the 
Wmter Vahdatxon Tracer Study m whch the tracer was released at 10 m above ground level 
Abbott and Rood (1996) have also shown that the Merence between a pomt and a 100-m 
diameter area source (represented by a senes o f  pomt sources hstnbuted m a mcular area) 
released from a height o f  &19 m is at most 5% along the plume centerhe at a &stance of 2 
km or greater We conclude that the major Merence between the Wmter Vahdahon Data set 
and our current situahon resides mth the averagmg tune 

The largest range of  prehcted bobserved rahos reported m Table 9 mvolved complex 
terram whch suggests models are more sensitwe to the local meteorolopcal and terrm 
conhhons than other factors such as release height For example note the GSD for Gaussian 
plume model at a hghly mstnunented site for ground level and elevated sources mcreases by 
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depletxon have httle lmpact on unhalatzon dose for deposition veloutaes less than1 0 cm s-1 

and release heights greater than 50 m for receptors m h  10 km of the release pomt For 
ground level releases plume depletion has a greater effect The ratzo of the depleted to non 
depleted plume was 002 for deposition velocitzes rn the 10 cm s-1 range and 0 6 7  for 
deposihon veloatzes rn the 0 1 cm s-1 range Berylhum was not released at ground level or at 
50 m and deposllzon veloatzes ranged from 0 3 to 1 0 cm s-1 Therefore, the actual amount of 
plume depletion is somewhere between these values Deposition velmtzes m the 1 0  cm s-1 
range are associated wth roughness lengths of around 20 m whch are h t e d  to the 
foothdls reDon of the model domam where few receptors are present For these reasons, we 
have not treated the uncertamty associated mth deposihon velocitxes and plume deplehon 
exphcltly 

With the htnbutxon of pre&cted-to-observed ratios for RATCHET h m  the Wmter 
Vahdation Tracer Study as our startang pornt, our approach 1s to m o w  this duknbution 
based on the Merences between the study con&tions and those of past releases, and our 
assessment queshon We combrned data pomts at the 8 and 16 km d&ance mto a composite 
set and Justified ths adzon based on the evaluatzons m Rood (1996) that showed s d a r  GM 
and GSD values for 8 and 16-km data In adhtzon, the confidence rntervals on the geometnc 
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Figure 6 Predxted to-observed ratios for the RATCHET model as a funchon of 
standard devlabon from the mean (normahzed to a mean of 0 and standard 
denation of 1) The sohd h e  represents the lognormal fit to the &stnbulzon 
Circles represent mdmdual data pomts 
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factors are represented by lognormal dlstnbuhons The dstnbuhon for an annual average 
predlchon for a specltic year was truncated by the mlnlmum and mzutlIIlum predlcted-to- 
observed raho encountered whde evaluatmg RATCHET usmg the Wmter Vahdataon Tracer 
Study data The correclxon factor for the annual average concentrahon for a speclfic year is 
gven by the mverse of the dlstnbuhon of the prehcted-to-observed rahos, whch has a GM of 
0 82 and GSD of 3 for receptors m h  20 km of the source and a GM of 0 9 and GSD of 3 for 
receptors greater than 20 km from the source The correthon factor assoaated mth usmg a 
5-year composite meteorologcal data set to predlct the annual average concentrahon for 
years past has a GM of 1 0  and a GSD of 1 7  

Annual Average WQ Values 

The procedure and models descnbed 111 the previous sedxons were used to calculate an 
annual average X/Q (concentratzon dmded by source term [s m-W for all concentratzon gnd 
nodes m the model domam Gnd node spacing for the concentrahon gnd was set at 1,000 m 
Annual average WQ values were calculated separately for releases from B d d m g  444 (Figure 
7) and B d d m g  776 mgure 8) The annual average concentratzon at each of the 
concentrabon gnd nodes for each year of meteorologxal data (1989-1993) were computed for 
a constant u t  release (1 mg s-1) from each burldmg The five concentrataon values at each 
gnd node were then averaged to yleld a 5-year composite annual average concentratzon 

The bpersion patterns shown m Figures 7 and 8 are charactenzed by a large e& 
southeast trendmg component and a SmaIler westerly component Wmd roses constructed 
usmg RFP data from 1984-1993 (DOE 1995a) m&cate the predormnant wmd d.wection to be 
from the west northwest so the east trenrllsg plume component appears reasonable Near 
the Denver metropohtan area and after considerable ddulxon, the plume appears to move m 
a northeast southwest pattern We attnbute b feature to the d u e n c e  of rur movement 
mthm the Platte Rwer Valley and the &umd pattern of upslope-downslope con&hons that 
charactenze the general a n  movement on the Colorado k o n t  Range enwons Downslope 
conhhons typically occur dunng the e v e m g  hours and are charactenzed by dramage flow of 
cooler an from the f o o W s  to the pl~llns Westerly wmds predommate, but the h & o n  may 
be altered by local topography Upslope condhons are a result of d a m e  heatmg and 
typically result rn easterly wmds that prevad d m g  the dayhght hours mth tramahon from 
upslope to downslope con&hons occumng during the evemng and transihon from downslope 
to upslope occurrvlg dunng the mornrng Durrng evenmg hours under stable con&hons, cool 
u near the surface drams from the Denver metropohtan area down the Platte f iver  Valley 
(whch flows to the northeast) and out to the plams During dayhght hours and after surface 
heatmg has elunrnated the cooler surface layer the downslope conchhons cease This is 
followed by a bnef penod of relahvely calm wmds whch 111 tum is followed by return of au 
up the valley or  upslope condlhons Meteorologcal data at Denver Stapleton Auport captures 
these transihons m the Platte Rwer Valley that are reflected m the WQ lsopleth maps 

Perhaps the most convlnclng subjectwe argument for the v&&Q of the pre&cted 
hspersion patterns is an Illustrahon desmbed m Pollubon m the Denver Area" 
pubhshed by the Publtc Semce Company of Colorado (Crow 1967) The dlustrahon shows the 
typical d d y  &ow patterns related to m pollubon m the Denver metropohtan area These 
dispersion patterns have a p r o m e n t  westerly component along m t h  the northeasterly 
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component formed by movement up and dowa the plla#e five? V m  and h w  the same 
general trend of &-on predxted by the d e l  sanmla- 1p this otudy 
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Ekpcare 7 lsopIeta map ofthe annd a v e w  x/B for parkdate releases from Buddmg 776 
nwngmeteamfogicld data from the AFpand Denver Shpktus -from 1989-1993 
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Figure 8 Isopleth map of the annual average X/Q for parhailate releases from Buildmg 444 
usrng meteorologcal data from the RF'P and Denver Stapleton Auport from 1989-1993 

Predicted Concentrations 

Prehcted concentrahons of beryhum at specdic receptors were calculated for each year 
m whch source term dormahon was avadable Uncertainty rn the prehcted concentrahon 
lncluded the uncertamty m the hpersion estmate and source term The concentrahon for 
the tth year for releases from a even b d b g  (Bddmg 444 or 776) is even by 
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where Q, = the annual release of berylhum for the tth year for a gmen bud- (776 or 4-44], 
CF, = the con-eclxon factor for p d c t a o n  of the annual average concentratzon for a specific 
year, CF' = uncertamly assocmted wlth usmg a 5-year composite meteomlogml data set 
The correction factors and Q, are stdmshc quanhtzes Therefore, the wncmtrataon IS also 
stochast~c quanhty The prehcted concentratzon a receptor was e x p o d  to was the sum o f  

the preduhon concentrataon from Bddxng 776 and Buddrag 444 rekm For IT& 
dadahon purposes, we are interested m the mtegratd concentmW a receptor may have 
been exposed to whde resxhng rn the mcmty of Rocky Flats 
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nonoccupatxonal b r e a h g  rates were adjusted accordmg the tune f r ahon  spent domg these 
vanous actmties Indoor sheldmg was not considered 

The female office worker scenano (Table 10) assumed the mdnndual spent 8 hours per 
day at the office in Denver 8 hours per day at home and 8 hours per day sleeprng 
(commuhg tune was not considered) Dunng workmg hours U3 of the tune was spent 
sittmg and 2/3 of the tune m llght exerase Dunng nonworlnng wakmg hours at home, 4 
hours were spent sittmg, 3 hours were spent m hght ah-@, and 1 hour was spent domg 
heavy exercise Occupatxonal and nonoccupatxonal breathmg rates were adjusted accordmg 
the tune fractxon spent domg these vanow actzvhes Indoor h e l d m g  was not considered 

Cancer nsk from the mhalahon of berylhum was calculated usrng the standard nsk 
equatzons descnbed m EPA (1989) and gwen by Equatzon (12) 

SF Z R = -  
BW AT 

(12) 

where 
R = cancernsk 
SF 
I 
BW = body weight (kg) 
AT 

= carclnogemc slope factor (kg d mg-1) 
= mtegrated contarmnant mtake (mg) 

= averaging tune (70 years x 365 days per year) 

Integrated contarmnant mtake is the total amount of berylhum ongmatmg from RFP 
lnhaled by the receptor over thew Metme Typically, t h s  1s calculated by assurmng a 
constant concentration and multiplymg by a breathing rate, exposure frequency (number of 
days per year exposed), and exposure durahon (number of years the receptor IS exposed) We 
used Equatzon (13) to  amve at rntegrated mtake that accounts for M e r e n t  breathmg rates 
and year-to-year vanation m an concentratzon 

where 
CL 
B R 1 2 3  = the b r e a h g  rate for occupational nonsccupatxonal and restmg actimty 

fi 2 3 = the frachon of tune spent rn occupahonal non-occupahonal and restmg actmty 

EF = exposure frequency (365 days for each year exposed ) 
n = number of years exposed 

= the annual average concentrabon for the zth year (mg m a )  

respechvely (m3 d-1) 

respectwe1 y 
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The rancher and office worker residence were located where the maXlIIlllIIl concentration 
outside the buffer zone and along Inhana Street was calculated The maxLmum annual 
average WQ at that locabon was 1 2 x 10-6 s m-3 for B d h g  776 releases and 1 5 x 10-6 s 
m-3 for B d d m g  444 releases The 5th and 95th percentale of the maxllIlum prehcted 
berylhum concentrabon at that locabon ranged from 4 3 x 10-" to 3 4 x 10-5 pg m-3 
respeckvely and occurred m the year 1968, the year of hghest releases "he 5th and 95th 
percentde of prehcted berylhum concentrahon at the hghest concentrahon node XI the 
model domam (1 km east of RFP) was 1 8  x 1 W  pg m3 to 1 4  x 10-4 pg m3 respecbvely 
l k s  can be compared mth a natural background range of 3 x 10-5 pg m3 to 3 x 10-4 pg ma, 
(me&= of 1 x 10-4 pg ma) and monthly average onsite sampler range of 7 x 10-4 to 1 5  x 
103 pg ma reported rn Rope et al (1997) 

€USK ESTIMATES 

Medlan cancer nsk estunates for beryhum d a t z o n  (50" percentde) were 5 8 x 10-10 
for the rancher and 2 1 x 10-11 for the office worker Estmated nsks (5th and 95th percentale 
values) ranged from 5 3 x 10-11 to 6 1 x 10-9 for the rancher and 1 8 x 10-12 to 2 3 x 10-10 for 
the office worker (Table 11 and Rgure 9) These estmates are well below the EPA pomt of 
departure for acceptable nsks (1 x 10-4 - 1 x 1 0 3  The nsks presented m t h s  report are not 
comparable to  nsks calculated m Phase I and reported m the Task 8 report (Chemnsk 
1994c) Daerences are summanzed as follows 

0 Phase I reported the nsk from 1 year of exposure The nsks presented m ths report 
represent Integrated Metme exposure to avborne releases of berylhum from RFP whde 
the receptor resided m the model domam 
%sks from mgesbon of contammated food stufFs and mhalabon of resuspended matenal 
that were computed for Phase I are not considered m ths analysis 
Absorphon factors for mhalabon (0 5) and mgehon (0 01) that were used m Phase I were 
considered mappropnate and not used m Phase I1 

Table 11 Percentdes of the Cumulative Frequency fistnbution for Prehcted 
Carcmogenic Rask from the Inhalation of Berylhum 

0 

0 

Percentde Carcmogemc Carcmogemc Percentde Carcmogemc Carcmogemc 
nsk (Rancher) nsk (Office) m k  (Rancher) nsk (Office) 

0 3 3 x 10-12 1 3  x 10-13 55 7 0 x 10-10 2 5 x 10-11 
5 5 3 x 10-11 1 8  x 10-12 60 8 4 x 10-10 2 9 x 10-11 
10 8 8 x 10-11 3 1 x 10-12 65 1 0 x 1 0 4 9  3 7 x 10-11 
15 1 3 x 10-10 4 6 x 10-12 70 1 2 ~ 1 0 4 9  4 4 x 10-11 
20 1 7 x 10-10 6 0 x 10-12 75 1 5 x 1 0 4 9  5 5 x 10-11 
25 2 1 x 10-10 7 7 x 10-12 80 1 9 x 1 0 4 9  7 0 x 10-11 
30 2 7 x 10-10 9 5 x 10-12 85 2 6 x 1 0 4 9  9 2 x 10-11 
35 3 3 x 10-10 1 1 x 10-11 90 3 6 x 1 0 4 9  1 3  x 10-10 
40 4 0 x 10-10 1 4 x 10-11 95 6 1 x 1 0 4 9  2 3 x 10-10 
45 4 7 x 10-10 1 7 x 10-11 100 1 4 x 1 0 4 7  3 3 x 1 0 4 9  
50 5 8 x 10-10 2 1 x 10-11 
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The scenano mvohnng the raucher may be cmmdered $he maxllgwm exposed mdmdnd 
rn the model domarn because he was placed at the pornt of hqi&est ccmcentrataon outslde the 
REP buffer zone and remamed there for the entare operatang pen& of the plant. However, it 
IS recogmzed that ranchers could have been grazmg cattle w i t h  the current b&er zone and 
up to the old cattle fence There were also bunkhouses 01 some type of penaaneat ovexmght 
ranch camp to the northeast mthan the lntger zone To mcrease the risk subhntdly from 
our estrmates, the concentrataon m h  the buik zone mould haye to be ~ ~ v e r d  orders of 
magmtude greater than oufmde it Tins -ply m not the awe $B LB e d e n c d  by the WQ 
plots prowded premoudy rn the report and d&bremcm Weea the pre&ted concentrahon 
at I n h  Street and the rnaxmum conmtrahon m t b  model dOmaie The d b g  risk, 
accountq for occupancy tune whde exposed to amca&&a 'ap8 mtbzn the bdkr -e, would 
stdl be at orbelow the EPApolntofdepartureof 1 x 10-4 tu 1 x 1O-e 
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Figure 9 Frequency dstnbulxons of pret-hcted cancer nsk from mhalalxon of 
berylhum for the rancher and office worker scenmo Distnbubons were generated 
mth Crystal Ball simulalxon software 
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